Indoleamine 2,3-dioxygenase (IDO) is an important new therapeutic target for the treatment of cancer. With the aim of discovering novel IDO inhibitors, a virtual screen was undertaken and led to the discovery of the keto-indole derivative 1a endowed with an inhibitory potency in the micromolar range. Detailed kinetics were performed and revealed an uncompetitive inhibition profile. Preliminary SARs were drawn in this series and corroborated the putative binding orientation as suggested by docking.
Introduction
Immunotherapy is a promising new strategy for cancer therapy. It consists of the therapeutic vaccination of cancer patients to stimulate their (natural) immune system against cancer cells. This approach, however, showed limited efficacy in vivo. Cancer cells are actually able to develop enzymatic mechanisms allowing tumors to resist or escape immune rejection. Among the enzymes involved, indoleamine 2,3-dioxygenase (IDO) plays a key role [1] .
IDO is an intracellular monomeric heme-containing enzyme that catalyzes the rapid degradation of tryptophan (Trp) in the initial step of the kynurenine pathway, the de novo biosynthetic route for nicotinamide adenine dinucleotide (NAD) production [2, 3] . This results in a local Trp depletion that severely affects the proliferation of T lymphocytes and is thereby profoundly immunosuppressive [4] . Pioneering studies by Munn and Mellor described that, except for some dendritic cells, IDO is not expressed in normal tissue [5, 6] . However, it is highly produced in the placenta and is required for the fetus immune tolerance by the organism of the mother during pregnancy [6, 7] . Recently, Van den Eynde showed that many types of human tumors express IDO in a constitutive manner [1] . The expression of IDO in human ovarian and colon carcinomas is also associated with poor prognosis and reduced survival [8, 9] . Finally, because IDO expression is strongly induced by interferon-gamma [10] , even tumors that do not constitutively express IDO may do so when exposed to inflammatory conditions, e.g. resulting from an ongoing immune response. IDO thus noticeably protects foreign cells against immune rejection. Based on its implication in immunosuppression, and particularly in cancer tumors, IDO clearly represents an attractive target for the development of inhibitors [11e14] .
Until recently, the best known IDO inhibitors [15] displayed affinities in the micromolar range and comprised mainly Trp derivatives such as 1-methyl-L-tryptophan (1MT) [16] (K i w 34 mM) and b-carbolines [17] . In 2006, potent nanomolar inhibitors were isolated from marine invertebrate extracts [18, 19] At the same time, new brassinin-based IDO inhibitors were published [20, 21] , the best having a K i of 12 mM. In 2008, two new classes of compounds were reported based on the earlier discovery of the marine invertebrate inhibitors. Carr et al. identified tryptamine quinone as the core pharmacophore of exiguamine A and described a series of derivatives, the best showing a K i of 0.2 mM [22] . Kumar et al. reported optimization of the naphthoquinone core of annulin B and designed derivatives, partly based on structural modeling, with IC 50 values reaching 60 nM [23] . In 1989, 4-phenylimidazole (PIM) was identified as a modestly potent IDO inhibitor [24] . Despite the uncompetitive inhibition kinetics, the authors showed through spectroscopic studies that PIM binds into the active site of IDO. Moreover, they discovered a preferred binding of PIM to the inactive ferric (Fe 3þ ) form of the enzyme, which may explain this apparent discrepancy. The first crystal structure of human IDO complexed with the inhibitor reported later [25] confirmed the binding of PIM in the active site. A recently undertaken structurebased study [26] of PIM-derived molecules prompted by Sugimoto's work confirmed the antecedent findings while providing access to novel inhibitors with low micromolar potencies.
Very recently, novel natural product inhibitors (IC 50 z 2 mM) [27] and potent competitive inhibitors including a hydroxyamidine chelating motif (IC 50 values up to 60 nM) have also been reported [28] .
Many IDO inhibitors show either noncompetitive or uncompetitive inhibition kinetics similar to those of PIM and norharman, which have been shown to bind directly to the heme iron and to occupy the presumed Trp binding site [26] . The interpretation of IDO inhibition kinetics may, however, be complicated due to the preferential binding of some inhibitors to the inactive ferric form of IDO, and the redox activity of others. Since many of the IDO inhibitors that have been discovered recently might fail in in vivo testing, there is still considerable interest in discovering novel IDO inhibitor families [29] .
The two three-dimensional structures of IDO, in complex with PIM and the cyanide ion (CN À ), provide important data for the structure-based drug design of novel IDO inhibitors [25] . From a structural point of view, IDO is characterized by a small and highly lipophilic active site (Fig. 1a) .
In the crystal structure, PIM interacts with the heme iron through its N-1 atom, projecting its phenyl ring toward the lipophilic cavity (Pocket A, Fig. 1b) . The PIM binding site consists of residues Tyr126, Cys129, Val130, Phe163, Phe164, Ser167, Leu234, Gly262, Ser263, Ala264, and the heme ring (Fig. 1c) . Putative hydrogen bonding sites are the thiol group of Cys129, the hydroxyl group of Ser167, the CO group of Gly262, the NH group of Ala264, and the heme 7-propionate group. Ligands larger than PIM may also interact with Phe226, Arg231, Ser235, Phe291, Ile354, and Leu384, which are located at the binding site entrance. Here, additional hydrogen bonds are possible with the side chain of Arg231. A hydrophobic pocket in this region is provided by Phe163, Phe226, Leu234, Ile354, and the heme ring (Pocket B, Fig. 1b) . The cyanide-bound structure (PDB entry 2D0U) differs from the PIMbound structure mainly in the access to pocket A, which is hindered by an inward movement of the backbone of the loop residues 262e266 and the side chain of Phe163, suggesting some flexibility in the active site. In both structures, two buffer molecules (2-[Ncyclohexylamino]ethanesulfonic acid) are bound at the entrance of the active site, forming a hydrogen bond to the heme propionate and interacting with pocket B.
As the enzyme active site is now well known, it represents a very good tool to undertake a direct approach of receptor-based drug discovery and design. Among these, virtual screening (VS) [32] involves the computational screening of very large libraries of commercially-available chemicals that complement targets of known structure, followed by the experimental testing of those with the best predicted binding energies. We have applied this strategy in the present work for the discovery of new IDO inhibitors.
Results
Various chemical libraries, for example the NCI database (National Cancer Institute), the ACD library (Available Chemical Directory) and the ZINC database [33] (over 2.5 million commercially-available compounds) can be used to perform VS. We chose the latter as it is free, web-accessible, offers the ligands in a readyto-dock 3D format, and hits are marketed for confirmatory biological evaluation.
Since careful docking of the entire ZINC library would take a prohibitively long time, filters were used to limit the number of compounds to be considered before the docking experiment. The VS flowchart we employed is depicted in Fig. 2. (i) Lipinski-style rules were first applied [34] . As our primary aim at this very first step was to select only compounds that could serve as leads for future medicinal chemistry development, we used simple molecular descriptors such as the molecular weight (MW 250), the hydrophobicity (LogP 2.5), and the number of rotatable bonds (RB 5) as the first filter. Then, all of the qualifying structures were downloaded from the ZINC website and transformed into a UNITY hit list file (Sybyl version 7.3) [30, 35] for compatibility with our modeling system. This resulted in a library of roughly 62,000 structures ( Fig. 2 , (i)). (ii) All fragments were then docked within the IDO active site (PDB code 2D0T) by means of the automated GOLD program [36] . For each ligand, 3 conformations were generated and ranked according to the GOLDSCORE. Only the conformations possessing the best score were subsequently retained and the top-ranked ligands (GOLDSCORE !50) were isolated. This led to a set of 18 550 structures. (iii) This set was further refined using Cscore calculations [30] .
Cscore is a combination of five different scoring functions, namely G-, D-, PMF-, F-and Chemscore. The Cscore value is an integer comprised between 5 (all of the five scoring function have identified the ligand as a good potential binder) and 0 (none of the 5 scoring functions has identified the ligand as a binder) and helps distinguishing the best potential ligands from the less probable ones. Concomitantly to Cscore evaluation, the individual contributions (van der Waals, H-bonding, etc.) of Chemscore were also analyzed and particularly the chemscore-metal value which reflects the formation of an interaction between the ligand and the metal, namely, the heme iron. Thus, keeping compounds characterized by a Cscore value !4 and a chemscore-metal value of 1, respectively, led to a final set of 183 derivatives. (iv) These 183 structures were visually analyzed within the IDO active site and 39 of them were selected based on structural diversity, synthetic accessibility, appropriate conformation and real commercial availability. This step introduces some subjectivity in the selection and relies on the expertise of the medicinal chemist(s) who perform it. The 39 structures were obtained from the vendors (Chembridge, Sigma, Specs, Maybridge, Acros).
The biological activity of the 39 compounds was evaluated using a colorimetric in vitro IDO inhibition assay [1] . Briefly, the inhibitors are incubated (6 min, 37 C) with IDO and L-Trp, the natural substrate. Trichloroacetic acid (TCA) is then added to quench the reaction and the N-formylkynurenine generated is hydrolyzed to kynurenine during the next 30 min. After that time, p-dimethylaminobenzaldehyde (pDMAB) is added to the reaction mixture to form a Schiff base with kynurenine. The IDO residual activity is measured at 490 nM and corresponds to the Schiff base formed.
Six derivatives (Zinc code 276331, 3081571, 2492429, 1052355, 448979, and 387478) out of the 39 compounds analyzed displayed an inhibitory potency >30% at a concentration of 100 mM, two of them (Zinc 276331 and Zinc 387478) possessing more than 50% IDO inhibition at this concentration (Fig. 3) .
Unfortunately, the low solubility of the benzotriazole (Zinc00276331) did not allow determination of a proper IC 50 for this compound. In contrast, the indole derivative (Zinc00387478 ¼ 1a) proved to be at least as potent as 1MT, being characterized by an IC 50 of 65 mM for IDO inhibition (Table 1 ). This compound is characterized by an indole nucleus substituted in the 2-position by a 3-pyridinylethanone function. Interestingly, no biological activity was reported so far for this compound, making it an interesting tool for chemical optimization to further enhance IDO inhibition. Compared to 1MT, 1a also has the advantage of containing no chiral center.
Detailed kinetic experiments were performed on 1a to elucidate its mode of inhibition. In contrast to 1MT which shows a competitive IDO inhibition profile (Table 1) , this compound exhibited an uncompetitive inhibition mode (Fig. 4) . It is characterized by an inhibition constant (K i ) of w190 mM (Table 1) , in a range similar to the IC 50 . These data indicate that, as an uncompetitive inhibitor, 1a would only bind to the substrate-bound enzyme. This might be surprising taking into account the way it was discovered i.e. virtual screening/docking to the heme substrate IDO binding site. However, recently Kumar et al. observed similar inhibition kinetic profiles for phenylimidazoles [26] , despite their binding to the heme iron at the active site as experimentally established through X-ray studies [25] . One hypothesis that could, at least in part, explain this uncompetitive profile would be a high affinity of these molecules to the inactive ferric vs. active ferrous form of the enzyme. Similar hypotheses were also reported earlier for b-carboline derivatives and could probably explain the kinetic profile observed for 1a [17] . To corroborate our hypothesis, we performed UV analysis of IDO with or without 1a and analyzed the effect on the Soret band, characteristic of the heme group. The optical absorption spectrum of the substrate-free ferric IDO exhibits a Soret maximum at 404 nm and the binding of L-Trp causes, as reported previously, a red-shift of the Soret maximum to 410 nm together with a hypochromic effect (Fig. 5a ) [37] . In the case of 1a addition (Fig. 5b) , a dose-dependent hypochromic effect without red-shift is observed thus confirming a close interaction of 1a with the heme binding site.
Next, preliminary SARs around 1a were investigated. Indeed, one attracting feature of virtual screening is that it allows, once a hit is identified, to directly analyze the interactions stabilizing the molecule within the active site cavity of the target, and subsequently to suggest pharmacomodulations on the basis of the putative binding orientation. Thus, the interactions stabilizing 1a inside the IDO binding cleft were analyzed in detail and revealed that the oxygen atom of the ketone function, being situated w2 Å above the plane of the heme, coordinates the heme iron. The indole ring is found to be stabilized in the so-called lipophilic A-pocket of IDO. Indeed, this stabilization of the indole in pocket A was already suggested by other groups to explain substrate binding as well as interaction of 1MT. In this position, the 3-pyridyl group is projected toward the entrance of the active site and is stabilized in the aromatic pocket B through T-shape interactions with Phe163 and Phe226 (Fig. 6) . In this orientation, excellent complementarities are found between the indole nucleus and pocket A. Indeed, apart from the 4-, and 5-position as well as the 1-position (indole NH), only little space is left available to accommodate substituents (Fig. 6) .
A few analogs of 1a were then synthesized in order to assess whether or not the binding mode suggested by docking could explain preliminary experimental SARs and thus profitably offer up hypotheses for further structure-based design effort. According to the structural analysis reported above, we hypothesized that substitution of the indole in the 1-, 4-and 5-position through introduction of small groups such as halogens, methyl, methoxy or nitro moieties could improve the IDO inhibitory potency in this series. We also investigated the importance of the ketone function of 1a suggested to be directly involved in the interaction with the heme iron, through replacement of the ethanone linker by an ethylene, a hydroxyethylene or an amide. A synthetic pathway allowing to access these structures was therefore elaborated (Scheme 1). It involves the deprotonation of 3-methylpyridine in presence of lithium diisopropylamide (LDA). The carbanion generated in situ then reacts with a reactive indole carbonyl compound at 0 C to provide the desired keto-indole compounds of the general formula 1 The WolffeKishner reduction and the catalytic hydrogenation of 1a (R ¼ R 0 ¼ H), respectively afforded the ethylene linked compound 2 and secondary alcohol 3. Finally, amide 4 was made from the corresponding 1H-indole-2-carboxylic acid by reaction with thionyl chloride followed by nucleophilic substitution with 3-aminopyridine (Scheme 1).
The IC 50 's of the novel indole derivatives were determined on isolated enzyme and are summarized in Table 2 .
As expected from our docking analysis, a two-fold improvement in the IDO inhibitory potency is observed when fluorine is introduced in the 5-position (1c) around the indole scaffold. In contrast, its introduction in the 4-position (1b) appears to be detrimental. A bulkier halogen in this 5-position such as a chlorine (1d) also led to a potent IDO inhibitor. The 5-methyl (1e) and the 5-methoxy (1f) analogs are still active but their IDO inhibition is not improved compared to the unsubstituted compound 1a. Finally, the 5-nitro derivative 1g is deprived of any IDO inhibitory potency. This preliminary SARs suggests, in agreement with the docking study reported above, that only rather small and lipophilic groups are tolerated in this position.
Regarding the importance of the ketone function on 1a, replacement of the ethanone linker with an ethylene (2) or even a hydroxyl-ethylene spacer (3) totally suppresses the IDO inhibitory potency thus confirming the importance of the ketone pharmacophore for IDO inhibition in this series. Only its replacement with an amide (4) afforded a compound that is still active against IDO.
We also appraised the ability of our derivatives to inhibit tryptophan degradation and kynurenine production in cells expressing murine IDO. The compounds were also screened for their inhibitory activity in cells expressing murine tryptophan 2,3-dioxygenase (TDO), an enzyme functionally related to IDO, with a view to investigate their selectivity. For all cell lines, cell viability was evaluated at the end of the assay. This cellular assay is informative for drug development as it evaluates not only the IDO/ TDO inhibitory effect of the compounds but also their capacity to permeate the cell, their potential cytotoxicity, inhibition of tryptophan transporters, and the effects of their metabolites. Concerning the ability of these derivatives to inhibit tryptophan degradation in cells expressing murine IDO, 1c, 1d and 1e are the most potent derivatives with 20e25% inhibition of tryptophan degradation at 20 mM, most of the other compounds being deprived of any cellular activity. The relative discrepancy in IDO inhibition between the isolated enzyme and cellular assays probably reflects a poor permeation in this series. Interestingly, the more potent IDO inhibitors in cell-based assay are deprived of any cellular activity on TDO (Table 2) , suggesting some selectivity in this series.
In conclusion, a virtual screening strategy combining various filters including high-throughput docking was used to search for new IDO inhibitors. From the 39 final compounds identified and assayed, six derivatives displayed an inhibitory potency >30% at a concentration of 100 mM, two of them possessing more than 50% IDO inhibition at this concentration. Detailed kinetics revealed an uncompetitive inhibition profile for the best inhibitor 1a. Its binding mode inside the IDO binding cleft was evaluated by means of docking and revealed essential features responsible for the IDO inhibition potency in this series. Preliminary SARs around 1a corroborated this putative binding orientation and support the interest in this series for further drug design effort.
Experimental section

Chemistry
Details of synthetic procedures used to prepare compounds 1aei, 2, 3 and 4 as well as structural and analytical characterizations can be found in Dolu si c et al. [38] .
General synthetic procedure for compounds 1aei [39]
An oven-dried flask was purged with argon while hot, then allowed to cool down to room temperature under argon and charged with dry THF (2 mL/mmol of starting indole) and diisopropylamine (4.0 equivalents). The solution was cooled to À78 C in a dry ice/isopropanol bath and n-butyl lithium, 1.6 M solution in hexanes (4.0 equivalents), was added to give a bright yellow solution. The mixture was stirred for 30 min below À60 C whereupon a solution of picoline (4.0 equivalents) in THF (2 mL/mmol of starting indole) was added to give a yellow colored mixture. During a further 30 min, the bath temperature was allowed to rise to approx. 0 C during which time the reaction mixture became an orange suspension. The temperature was then kept at 0 C (using an ice/water bath) for an additional 30 min. At this point, a solution of the indole-2-carbonyl compound (1.0 equivalent) in THF (4 mL/ mmol) was added dropwise over the flask wall. The reaction mixture darkened (dark purple to dark brown color in most cases) and was then allowed to attain room temperature overnight. At 18 h after the addition of the indole component, the reaction was quenched with saturated aqueous ammonium chloride solution (10 mL/mmol of starting compound) and stirred for several minutes. Upon partition between ethyl acetate and water, the aqueous phase was extracted twice with ethyl acetate and the combined organic layers were dried over MgSO 4 . The title products were purified by chromatography eluting with a gradient of ethyl acetate in cyclohexane (the products typically eluted with 70e80% of ethyl acetate). The products were then precipitated by concentration of the pooled column fractions combined with the addition of cyclohexane. The precipitates formed were filtered off, washed twice with cyclohexane and dried at 40 C in vacuo to yield analytically pure samples.
Biology
Protein expression and purification of recombinant human IDO
The coding region for human IDO (Ala2-Gly403) was cloned into a derivative of plasmid pET9 (Novagen). The recombinant plasmid, pETIDO, encodes a histidine tag at the N-terminus of IDO. Bacterial strain BL21 AI (Invitrogen) was used for overexpression of IDO and transformed with the pETIDO plasmid. The transformed cells were grown on a rotary shaker at 37 C and 220 rpm to an OD600 of 1.2, in LB medium supplemented with 25 mg/mL kanamycin, 50 mg/mL L-tryptophan and 10 mM bovine hemin (Sigma). The culture was were collected by centrifugation, resuspended in 40 mL of 25 mM Mes, 150 mM KCl, 10 mM imidazole, and protease inhibitors (complete EDTA free, Roche Applied Science) (pH 6.5), and disrupted with a French press. The extract was clarified by centrifugation and filtration on a 0.22 mm filter. The enzyme was purified by IMAC using Ni2þ as a ligand and an IMAC HITRAP column (5 mL, GE Healthcare). Briefly, the extract was loaded on the column with 25 mM Mes, 150 mM KCl, and 10 mM imidazole (pH 6.5). The column was washed with 50 mL of the same buffer with the imidazole concentration adjusted to 100 mM. Finally, the protein was eluted with 25 mM Mes, 150 mM KCl, and 50 mM EDTA (pH 6.5). The buffer was then exchanged into 25 mM Mes and 150 mM KCl (pH 6.5) using a HITRAP desalting column (GE Healthcare). The purity of the enzyme was estimated to be >95% based on the SDS-PAGE gel and Coomassie blue staining. The ratio of absorbance at 404 nm to that at 280 nm of the protein was around 1.9.
Enzymatic assay
The enzymatic inhibition assays were performed as described by Takikawa et al. [40] with some modifications. Briefly, the reaction mixture (200 mL) contained potassium phosphate buffer (50 mM, pH 6.5) ascorbic acid (10 mM), methylene blue (5 mM), purified recombinant IDO (43 mM), L-Trp (100 mM), and DMSO (10 mL). The inhibitors were serially diluted 10-fold from 1000 to 0.1 mM in pure DMSO or, if not soluble at 1000 mM, by four orders of magnitude from their highest soluble concentration. The reaction was conducted at 37 C for 6 min and stopped by addition of 30% (w/v) trichloroacetic acid (40 mL). To convert N-formylkynurenine to kynurenine, the tubes were incubated at 37 C for 30 min, followed by centrifugation at 20 000 g for 20 min. Finally, 150 mL of supernatant is added to 150 mL of p-dimethylaminobenzaldehyde (pDMAB) (2%, v/v) in acetic acid to generate a Schiff base with kynurenine that was detected at a wavelength of 480 nm.
Cellular tests
Cell Line. A plasmid construct encoding murine IDO was transfected into mouse mastocytoma line P815B. Clone P185B-mIDO clone 6 [1] , which overexpresses IDO, was selected and used for the cellular assay. Mouse IDO shares a 62% sequence identity with human IDO, and the active site residues are 100% conserved. For the assays evaluating inhibition of mouse TDO, a plasmid construct encoding murine TDO was transfected into mouse mastocytoma cell line P815B [1] . Clone P815B-mTDO clone 12, which overexpresses TDO, was selected and used for the cellular assay. Mouse TDO shares 88% sequence identity with human TDO, and the active site residues are 100% conserved.
Assay. The assay was performed in 96-well flat bottom plates seeded with 2 Â 10 5 cells in a final volume of 200 ml. To determine whether compounds were significant IDO or TDO inhibitors, the cells were incubated overnight at 37 C in HBSS (Hanks Balanced Salt Solution, Invitrogen) supplemented with 80 mM L-Tryptophan and 20 mM of the compound. The plates were then centrifuged 10 min at 300 g, and 150 ml of the supernatant were collected. The supernatant was analyzed by HPLC to measure the concentration of tryptophan and kynurenine, based on the retention time and the UV absorption (280 nm for tryptophan, 360 nm for kynurenine). For the HPLC analysis, 50 ml of supernatant were mixed with 500 ml acetonitrile to precipitate the proteins. After centrifugation, the supernatant was collected, concentrated on a speedvac, resuspended in a final volume of 100 ml water and injected in the HPLC (C18 column). In those conditions, about 50% of the initial amount of tryptophan was degraded in the absence of inhibitor, and an equimolar amount of kynurenine was produced. The percentages of inhibition of tryptophan degradation and kynurenine production by the compounds were calculated in reference to this maximal activity. The initial wells containing the cells in the remaining volume of 50 ml were used to estimate cell viability in a classical MTT assay. To that end, 50 ml of culture medium (Iscove medium with 10% FCS and amino acids) were added to the wells together with 50 ml of MTT. After 3e4 h of incubation at 37 C, 100 ml of SDS/ DMF were added to dissolve the crystals of formazan blue and the absorbance at 570 nm/650 nm was measured after overnight incubation at 37 C.
Steady states kinetics and inhibition studies
Human IDO with an N-terminal His tag was expressed in Escherichia coli and purified to homogeneity as described by Oda [41] . The enzymatic reactions were conducted at 37 C for 12 min in 50 mM potassium phosphate pH 6.5, neutralized ascorbic acid 10 mM, methylene blue 5 mM, DMSO 5%, catalase 100 units per ml, L-tryptophan and 8.5 nM IDO. The reaction was initiated by addition of IDO. At various intervals (2 min), aliquots (200 mL) were removed, mixed with 40 ml of trichloroacetic acid (30% w/v), and incubated at 65 C for 10 min to achieve the conversion of N-formylkynurenine to kynurenine. The final L-tryptophan concentrations varied between 12.5 mM and 100 mM. The concentration of L-tryptophan was determined using the absorption coefficient e 280 ¼ 5500 M À1 cm À1 and the substrate was filtered through a membrane filter prior to each experiment (pore size, 0.22 mm). The spectrophotometer method to measure kynurenine with the Ehrlich reagent was carried out according to Takikawa [40] and the initial rates were calculated from the absorbance increase at 480 nm (e 480 ¼ 15820 M À1 cm
À1
) [42] . Each experiment was performed at least three times. The initial rates were fit to the MichaeliseMenten equation by nonlinear regression analysis using Graphpad prism software. Apparent Km and Ki values were determined by varying the concentrations of the substrate and the inhibitors. The mode of inhibition was determined by plotting Spectroscopic measurements. Optical absorption spectra were recorded on a Specord 50 photometer (Analytik Jena). All experiments were performed in 50 mM TriseHCl buffer (pH 8.0) at 25 C.
Molecular modeling
Molecular modeling studies were carried out on a Linux workstation. The compounds were downloaded from the ZINC website (http://zinc.docking.org) and transformed into a UNITY hit list by mean of SYBYL (version 8.0) [30] . Docking was performed using the 3D-coordinates of IDO (pdb code 2DOT) with the help of the automated GOLD program [36] (active site definition: residues within 7 Å around phenylimidazole) using parameters especially designed for virtual screening experiments (7e8 fold acceleration). The hits that were obtained after ranking using GOLDSCORE and CSCORE were re-docked for confirmatory evaluation and their geometry subsequently optimized using the MINIMIZE module. The minimization process uses the Powell method with the Tripos force field (dielectric constant 1r) to reach a final convergence of 0.01 kcal mol
À1
.
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